Haspin phosphorylates histone H3 at Thr3 (H3T3ph) during mitosis [1, 2] , providing a chromatin binding site for the chromosomal passenger complex (CPC) at centromeres to regulate chromosome segregation [3] [4] [5] . H3T3ph becomes increasingly focused at inner centromeres during prometaphase [1, 2], but little is known about how its level or location and the consequent chromosomal localization of the CPC are regulated. In addition, CPC binding to shugoshin proteins contributes to centromeric Aurora B localization [5, 6] . Recruitment of the shugoshins to centromeres requires the phosphorylation of histone H2A at Thr120 (H2AT120ph) by the kinetochore kinase Bub1 [7] , but the molecular basis for the collaboration of this pathway with H3T3ph has been unclear. Here, we show that Aurora B phosphorylates Haspin to promote generation of H3T3ph and that Aurora B kinase activity is required for normal chromosomal localization of the CPC, indicating an intimate linkage between Aurora B and Haspin functions in mitosis. We propose that Aurora B activity triggers a CPC-Haspin-H3T3ph feedback loop that promotes generation of H3T3ph on chromatin. We also provide evidence that the Bub1-shugoshin-CPC pathway supplies a signal that boosts the CPC-Haspin-H3T3ph feedback loop specifically at centromeres to produce the wellknown accumulation of the CPC in these regions.
Results

Aurora B Kinase Activity Contributes to Full Haspin Phosphorylation in Mitosis
Consistent with our previous studies of exogenous Haspin [1] , we found that endogenous Haspin undergoes hyperphosphorylation during mitosis without a clear change in intrinsic kinase activity (see Figures S1A-S1C available online). To identify these phosphorylation sites, we immunoprecipitated mycHaspin from nocodazole-arrested HeLa Tet-On transfectants in the absence of doxycycline induction, in which myc-Haspin is expressed at a low level [1] . Among a total of 29 phosphorylation sites identified by mass spectrometry, nine were potential Aurora B phosphorylation sites matching the consensus R/K-x-S/T (Tables S1 and S2 ). In contrast, only four phosphorylation sites were identified in Haspin from a predominantly interphase population (Table S2 ). In vitro, recombinant human Aurora B/INCENP complex was able to phosphorylate a kinase-deficient (KD) mutant of full-length Haspin, MBP-Haspin KD ( Figure 1A ). Mass spectrometry identified three phosphorylation sites in MBP-Haspin KD matching the Aurora consensus (Tables S1 and S2) , which were all among those identified as phosphorylation sites in cells. Thus, Haspin is a direct substrate of Aurora B in vitro and is phosphorylated at Aurora B consensus sites in cells.
RNA interference (RNAi)-mediated knockdown of Aurora B (or Survivin; see below) reduced phosphorylation of both endogenous Haspin ( Figure 1B ) and myc-tagged Haspin (Figure 1C ) in nocodazole-arrested mitotic HeLa cells. The reduction in mitotic Haspin phosphorylation was partial, consistent with the fact that only 9 of the 29 identified mitotic phosphorylation sites in Haspin match the Aurora B consensus. Treatment of cells with the Aurora B inhibitor ZM447439 caused a similar reduction in phosphorylation of endogenous Haspin ( Figure 1D ) and myc-Haspin ( Figure 1E ) in nocodazolearrested cells in the presence or absence of the proteasome inhibitor MG132 (added to further prevent mitotic exit). Overexpression of a dominant-negative Aurora B mutant deficient in kinase activity (myc-Aurora B K106R) [8] also reduced Haspin phosphorylation in nocodazole-arrested cells ( Figure S1D ). We conclude that Aurora B kinase activity is required for full phosphorylation of Haspin during mitosis.
Aurora B Activity Is Required for Generation of H3T3ph in Mitosis
The Aurora B-dependent phosphorylation of Haspin prompted us to examine whether Aurora B activity influences histone H3 phosphorylation at Thr3 (H3T3ph) in mitosis. Immunoblotting of mitotic HeLa cell lysates revealed a clear reduction in total H3T3ph upon depletion of Aurora B ( Figures 1B and 1C) , treatment with ZM447439 ( Figures 1D and 1E ), or overexpression of myc-Aurora B K106R ( Figure S1D ). To exclude direct inhibition of Haspin by ZM447439, we determined that ZM447439 did not significantly inhibit the activity of purified MBP-Haspin in vitro ( Figure S1E ). Immunofluorescence microscopy confirmed that RNAi of Aurora B, Borealin, or INCENP or treatment with ZM447439 all reduced H3T3ph in mitotic U2OS cells treated with nocodazole ( Figure 1F ; Figure S1F ) or nocodazole and MG132 ( Figure 1G ), albeit less efficiently than Haspin RNAi (Figure 1H) . Similar results were obtained in ZM447439-treated DLD-1 ( Figure S1G ) and HeLa cells and upon depletion of Survivin or overexpression of myc-Aurora B K106R, or when using a chemically distinct Aurora B inhibitor, hesperadin (see below). These results revealed that generation of H3T3ph in mitosis is partly dependent on Aurora B kinase activity.
Aurora B Does Not Directly Phosphorylate H3 at Thr3
Two lines of evidence suggested that H3T3 is unlikely to be directly phosphorylated by Aurora B. First, whereas mutation of the known target site Ser10 dramatically reduced phosphorylation of H3(1-45)-GST (the N-terminal 45 residues of H3 fused to GST) by recombinant Aurora B/INCENP in vitro, mutation of Thr3 did not detectably affect H3(1-45)-GST phosphorylation ( Figure 1A) , and similar results were obtained using immunoprecipitated Aurora B complex [1] . Second, artificial *Correspondence: jhiggins@rics.bwh.harvard.edu retargeting of Aurora B to centromeres by expression of CENP-B-INCENP restored centromeric MCAK localization but not H3T3ph in Haspin-depleted cells [3] , suggesting that Aurora B/INCENP does not phosphorylate H3T3 in the absence of Haspin.
To more rigorously exclude direct phosphorylation of H3T3 by Aurora B, we carried out in vitro assays with synthetic peptide substrates. We confirmed that H3(1-21) and H3 (1) (2) (3) (4) (5) (6) (7) (8) peptides were phosphorylated by MBP-Haspin, and that prephosphorylation at Thr3 abolished this activity ( Figure S1H ). In contrast, H3(1-8) peptide lacking Ser10 was not phosphorylated by Aurora B/INCENP, whereas H3(1-21) peptide containing Ser10 was a good substrate ( Figure S1I ). Thus, Aurora B did not directly phosphorylate H3T3 in vitro.
To further confirm this conclusion, H3(1-45)-GST was subjected to in vitro phosphorylation using mitotic HeLa cell extract as a source of kinases. Without ZM447439, phosphorylation of H3(1-45)-GST at Thr3 and Ser10 was detected with phosphospecific antibodies ( Figure S1J ). As expected, H3S10ph was reduced by ZM447439, presumably as a result of inhibition of Aurora B activity. In contrast, ZM447439 treatment had little effect on H3T3ph, suggesting that Aurora B is not responsible for H3T3ph in this system. We conclude that Aurora B does not phosphorylate H3T3 directly.
Phosphorylation by Aurora B Is Required for Full Haspin Activity toward H3T3 in Mitosis To determine whether direct phosphorylation of Haspin by Aurora B might regulate Haspin function, serine and threonine residues within Aurora B consensus sites were mutated to alanine in a small interfering RNA (siRNA)-resistant myc-Haspin construct (myc-Haspin 11A). The mutations included eight sites identified in cells (a ninth was excluded because it also matches the Cdk consensus) and three that are conserved in Haspin from different species (see Table S1 ). Immunoblotting of lysates of transfected mitotic HeLa cells showed that the highest-molecular-weight band corresponding to myc-Haspin WT was not present in myc-Haspin 11A-expressing cells (Figure 2A) , consistent with the expected loss of phosphorylation. In fact, myc-Haspin 11A migrated essentially identically to myc-Haspin WT from ZM447439-treated cells and, whereas ZM447439 treatment reduced phosphorylation of myc-Haspin WT, it had no detectable effect on phosphorylation of mycHaspin 11A. Moreover, myc-Haspin 11A immunoprecipitated from asynchronous cells was a poorer substrate for recombinant Aurora B/INCENP than myc-Haspin WT ( Figure 2B) . Thus, the majority of Aurora B-dependent phosphorylation sites were mutated in myc-Haspin 11A.
We also found that myc-Haspin 11A immunoprecipitated from nocodazole-arrested HeLa cells phosphorylated H3(1-45)-GST in vitro as efficiently as myc-Haspin WT ( Figure 2C ), indicating that the mutant was not grossly misfolded and that phosphorylation by Aurora B does not dramatically alter the intrinsic kinase activity of Haspin. In addition, biochemical fractionation showed that both myc-Haspin 11A and mycHaspin WT were present in the chromatin-enriched pellet ( Figure S2A ), and immunofluorescence microscopy showed that, at least when overexpressed, myc and EGFP-tagged forms of both Haspin WT and 11A were localized to mitotic chromosomes, even when endogenous Haspin was depleted ( Figure S2B and S2C) .
We then carried out Haspin RNAi rescue experiments to examine the cellular activity of Haspin 11A. HeLa cells were depleted of endogenous Haspin by RNAi, followed by transfection with increasing doses of siRNA-resistant Haspin WT or 11A mutant plasmids. Mitotic cells were harvested after nocodazole treatment and analyzed by immunoblotting. Myc-or EGFP-tagged Haspin 11A was less effective than Haspin WT in restoring H3T3ph in mitotic HeLa cells depleted of endogenous Haspin ( Figure 2D ; Figure S2D ). Furthermore, transfection of cells with EGFP-Haspin 11E (containing glutamate substitutions at the same 11 sites to mimic the charge introduced by phosphorylation), but not EGFP-Haspin WT, allowed maintenance of substantial levels of H3T3ph in mitosis even when Aurora B was inhibited ( Figure 2E ; Figures S2E and S2F). EGFP-Haspin 11E also localized to mitotic chromosomes ( Figure S2C ) and restored H3T3ph in mitotic HeLa cells depleted of endogenous Haspin ( Figure S2D ). These results suggest that direct phosphorylation by Aurora B is required for full Haspin-mediated H3T3 phosphorylation in mitosis.
Aurora B Kinase Activity Contributes to Normal Chromosomal Passenger Complex Localization on Chromosomes
We recently showed that Haspin-mediated H3T3ph helps position the chromosomal passenger complex (CPC) at inner centromeres in mitosis [3] . Combined with our finding here that Aurora B activity promotes H3T3ph in mitosis, a model can be proposed in which Aurora B acts through Haspin to regulate its own chromosomal localization ( Figure 3A) . We sought to test this possibility in a number of ways. First, the model predicts that the chromosomal localization of Aurora B will be altered when Haspin is mutated to prevent phosphorylation by Aurora B. We were unable to directly test this possibility at centromeres in RNAi rescue experiments because we could not control expression levels sufficiently to prevent increased H3T3ph and CPC localization to chromosome arms caused by Haspin overexpression [3] . However, overexpression of EGFP-Haspin 11A was less effective than EGFP-Haspin WT in increasing H3T3ph and CPC localization on chromosome arms ( Figures S3A and S3B) , confirming that mutation of Aurora B phosphorylation sites on Haspin compromises mechanisms of CPC localization. Second, the model suggests that indirectly diminishing H3T3ph by inhibiting Aurora B will affect chromosomal localization of the CPC. Indeed, ZM447439 treatment decreased the (E) HeLa Tet-On/myc-Haspin cells were treated with or without nocodazole for 2 hr followed by 1 hr treatment with ZM447439 with or without MG132. Lysates were analyzed by immunoblotting. (F) At 48 hr after transfection with the indicated siRNAs, U2OS cells were treated with nocodazole for 1 hr and then stained for immunofluorescence microscopy. Scale bars in (F) and (G) represent 5 mm. (G) At 48 hr after transfection with siRNAs, U2OS cells were treated with nocodazole and MG132 for 1.5 hr. Alternatively, untransfected U2OS cells were treated with nocodazole and MG132 with or without ZM447439 for 1.5 hr and stained with the antibodies indicated. (H) Quantification of H3T3ph and H3S10ph levels in mitotic U2OS cells treated as described in (G). Means 6 standard deviation (SD) are shown for 7-8 cells in each condition. ***p < 0.001 compared to the respective control siRNA transfection. See also Figure S1 .
percentage of U2OS cells in which Aurora B was enriched at centromeres, an effect that was particularly apparent when cells were also treated with nocodazole, which enhances Aurora B localization to centromeres in control cells ( Figure 3B ; Figure S3C ). The Aurora B inhibitor hesperadin also caused delocalization of the CPC from centromeres, even in the presence of MG132 to prevent mitotic exit ( Figures S3D-S3F) . Similar results were observed in HeLa cells (Figure S3C ), where the effect of ZM447439 treatment on Aurora B localization was particularly clear on spread mitotic chromosomes (Figure S3G) . In contrast, Aurora B inhibition did not significantly alter formation of CPC as judged by the coimmunoprecipitation of Survivin with Aurora B (Figure S3H ). Thus, Aurora B inhibition compromises centromeric localization of the CPC.
Third, we examined the localization of overexpressed CPC components mutated to reduce Aurora B activity. As expected, GFP-INCENP WT concentrated at centromeres when expression was induced in U2OS cells ( Figure 3C ). In contrast, a GFP-INCENP TAA mutant compromised in its ability to activate Aurora B [9, 10] was more diffusely localized on chromatin and caused delocalization of endogenous centromeric Aurora B ( Figure 3C ). Similar results were obtained using kinase-deficient Aurora B. Except when expressed at very high levels, myc-Aurora B WT localized predominantly to centromeres in mitotic HeLa cells, and H3T3ph levels were normal or slightly increased ( Figure S3I ). In contrast, expression of myc-Aurora B K106R resulted in strongly decreased H3T3ph, presumably as a result of its dominant-negative effect, as previously noted in immunoblotting experiments ( Figure S1D ). In cells with reduced H3T3ph, myc-Aurora B K106R showed decreased localization to centromeres when compared to cells expressing comparable levels of myc-Aurora B WT ( Figure S3I) . Thus, two Aurora B inhibitors and overexpression of two different forms of the CPC deficient in kinase activity all caused similar defects in Aurora B localization.
Fourth, we wished to examine the localization of kinasedeficient Aurora B when expressed at near normal levels in the absence of endogenous Aurora B. We established HeLaderived cell lines stably expressing myc-Aurora B WT or K106R at levels comparable to endogenous Aurora B in parental HeLa cells ( Figure 3D ). Although the Aurora B K106R-expressing cell line showed a slight reduction in H3S10ph and evidence of altered DNA content, both cell lines could be propagated for multiple passages in culture. Therefore, myc-Aurora B K106R did not show lethal dominant-negative effects when expressed at this level. In control siRNA-transfected cells, myc-Aurora B K106R localized predominantly to centromeres in mitosis and H3T3ph was maintained at near normal levels ( Figures 3E and 3F) . However, upon RNAi-mediated depletion of endogenous Aurora B, H3T3ph was strongly reduced, myc-Aurora B K106R localized diffusely to chromosome arms, and only weak centromeric accumulation was observable, whereas myc-Aurora B WT was little affected (Figures 3E and  3F) . Taken together, these data indicate that Aurora B kinase activity is required for its normal chromosomal localization during mitosis.
A Positive Feedback Loop between Aurora B and Haspin
Because H3T3ph generated by Haspin produces a binding site for the CPC on chromosomes [3] [4] [5] , chromatin-bound Aurora B could act on Haspin to further stimulate local H3T3 phosphorylation, generating a positive feedback loop between Haspin and Aurora B to help drive CPC accumulation on chromatin, particularly at inner centromeres ( Figure 3A) . To determine whether the H3T3ph-bound population of Aurora B plays a role in the generation of H3T3ph, we made use of a HeLa cell line stably expressing a mutant form of Survivin (D70A/D71A) that prevents the binding of the CPC to H3T3ph [3] . As expected, depletion of endogenous Survivin from control cells decreased the level of H3T3ph (and H3S10ph). Exogenously expressed Survivin-myc WT restored total H3T3ph (and H3S10ph) in Survivin-depleted cells ( Figure 4A ) and also restored the normal concentration of both H3T3ph and the CPC at mitotic centromeres ( Figure 4B ; Figure S4A ). In contrast, expression of Survivin-myc D70A/D71A (which rendered the distribution of Aurora B diffuse on chromatin) was less able to restore H3T3ph and its accumulation at centromeres (Figures 4A and 4B ; Figure S4A ), though it did restore H3S10ph as previously reported [3] . Consistent with this effect, Survivin-myc D70A/D71A was unable to support full phosphorylation of Haspin in mitosis ( Figure 4A ). These results indicate that binding of the CPC to H3T3ph enhances the further generation of H3T3ph and accumulation of this modification at centromeres.
Interplay with the Bub1-Shugoshin Pathway
To determine the influence of the Bub1-shugoshin pathway on Haspin-H3T3ph-mediated regulation of CPC localization, we depleted Bub1 by siRNA transfection and analyzed HeLa cells treated with nocodazole and MG132 to prevent mitotic exit. As previously reported [6] , Bub1 depletion diminished the centromeric accumulation of Aurora B in HeLa cells and increased its visibility on chromosome arms ( Figure 4C ). Bub1 loss also caused H3T3ph to become diffusely distributed on chromosomes (Figure 4C ), though the total levels of H3T3ph were not greatly reduced ( Figure S4B ), resembling the effects of Sgo1 depletion [11] . Similar findings were obtained in U2OS cells. Interestingly, artificial retargeting of Aurora B to centromeres with CENP-B-INCENP [12] partially restored the centromeric accumulation of H3T3ph in Bub1-depleted cells ( Figure 4D ; Figure S4C ). Therefore, the Bub1-shugoshin pathway appears to contribute to the normal centromeric concentration of H3T3ph in part by localizing the CPC to centromeres.
Discussion
Haspin Is a Substrate of Aurora B Our results reveal that Haspin is a direct substrate of Aurora B, and that Aurora B facilitates generation of H3T3ph during mitosis. Although we do not rule out a contribution of other mechanisms (such as regulation of an H3T3ph phosphatase), our results suggest that direct phosphorylation of Haspin is a key means by which Aurora B regulates H3T3ph. The crystal structure of the Haspin kinase domain suggests that it has constitutive activity that does not require activation loop phosphorylation [13, 14] . Consistent with this, we find no evidence that phosphorylation affects the intrinsic kinase activity of Haspin. Also, mutation of Aurora B phosphorylation sites did not noticeably alter the localization of overexpressed Haspin to mitotic chromosomes. Additionally, we find that in cell extracts in which many normal intermolecular associations were disrupted, H3T3ph was much less sensitive to Aurora B inhibition than in intact cells. Together, these findings suggest that phosphorylation by Aurora B on the Haspin N-terminal domain might modulate the binding of a regulatory protein.
An appealing hypothesis is that phosphorylation in mitosis displaces an inhibitory protein that binds to Haspin in interphase. Alternatively, phosphorylation by Aurora B might regulate access of Haspin to nucleosomal H3 in cells. Strictly speaking, because we do not yet know the distribution of Haspin expressed at endogenous levels, it remains possible that Haspin localization is influenced by Aurora B. Further studies are required to fully understand the mechanism by which Aurora B regulates Haspin.
Aurora B Is a Master Regulator of Histone Phosphorylation in Mitosis
Aurora B directly phosphorylates H3S10, H3S28, and the centromeric histone CENP-A at Ser7 [15] . We find here that Aurora B stimulates phosphorylation of H3T3 by Haspin. Another report indicates that Aurora B is required for phosphorylation of centromeric H2A at the residue equivalent to Thr120 in Drosophila cells [16] . A recent study revealing that Bub1 is responsible for phosphorylation of this residue in human and budding yeast [7] , coupled with work indicating that Aurora B influences Bub1 localization [17] [18] [19] , suggests that Bub1 might be the intermediary kinase in this case (see Figure 3A) . Thus, Aurora B can be considered a ''master regulator'' of mitotic histone phosphorylation, serving both as a direct histone kinase and to coordinate the activity of other histone kinases.
Functional Interplay between Aurora B and Haspin in Mitosis
H3T3ph created by Haspin is required to position the CPC at inner centromeres [3, 5] , and H3T3ph also facilitates activation of Aurora B on chromatin [4, 20] . Taken together with the data reported here, a model can be envisioned in which Aurora B phosphorylates Haspin to promote H3T3ph in mitosis, enhancing localization of the CPC to chromatin. Aurora B then acts in a local positive feedback loop to sustain Haspin activity and therefore contributes to its own accumulation at the inner centromere ( Figure 3A) . Indeed, a Survivin mutant (D70/D71A) that is unable to bind to H3T3ph [3] is compromised in its ability to restore H3T3ph, suggesting that binding of the CPC to H3T3ph enhances generation of H3T3ph.
Also consistent with this model, we find that inactivation of Aurora B in a number of different ways compromises the centromeric accumulation of the CPC, increasing its localization on chromosome arms. As previously reported, we find that when an Aurora B kinase-deficient mutant is expressed at low levels, it localizes normally to centromeres [8, 10, 21] , but it does not localize efficiently when expressed at higher levels [10, 21] . From this apparent dominant-negative effect of kinase-deficient Aurora B, Honda et al. [10] concluded that ''phosphorylation of an as yet unidentified Aurora B substrate seems to be essential for efficient association of the Aurora B/INCENP/Survivin complex with the centromere.'' Indeed, our results suggest that Haspin is such a substrate, and that loss of H3T3ph at least partly explains the dominant-negative effect of Aurora B kinase-deficient mutants on CPC localization. Supporting this view, we find that when endogenous Aurora B is depleted (causing a decline in H3T3ph), a kinasedeficient mutant of Aurora B (when expressed at a low level) changes from a predominantly centromeric localization to a diffuse distribution on chromosomes. Indeed, similar results have been obtained by others [22] , although there is also a conflicting report [23] .
Again consistent with a positive feedback model, we find that inhibition of Aurora B with ZM447439 or hesperadin compromises the centromeric concentration of the CPC. In other studies, Aurora inhibitors have been reported either to cause loss of centromeric Survivin [24] , Aurora B [25] , and INCENP [26] or to allow centromeric CPC localization [21, 22, 27] . The reasons for these apparent discrepancies are not clear, but in light of our results with the Aurora B kinase-deficient mutant, differences in the extent of kinase inhibition in the various studies are a plausible explanation. It is also possible that the delocalization of Aurora B from centromeres to arms was overlooked or considered unimportant in some prior studies. Nevertheless, multiple lines of evidence support the idea that Aurora B kinase activity contributes to focusing of the CPC at centromeres.
How Is H3T3ph Concentrated at Inner Centromeres?
Notably, the proposed positive feedback loop between Haspin and Aurora B does not in itself provide an explanation for the centromeric focusing of H3T3ph and the CPC. We and others find that Bub1 or Sgo1 depletion causes delocalization of H3T3ph from centromeres [5, 11, 28] and that artificially retargeting Aurora B to centromeres in the absence of Bub1 partially restores the centromeric concentration of H3T3ph (this study). Therefore, centromeric localization of the CPC via the Bub1-H2AT120ph-shugoshin-CPC pathway [5] appears to provide an input signal that boosts the Haspin-H3T3ph-CPC feedback loop specifically at centromeres to drive H3T3ph and CPC concentration at this location. Additionally, because Aurora B influences Bub1 [17] [18] [19] and Sgo1 localization [11, 29] and centromeric H2A phosphorylation [16] (see above), it is possible that the Bub1-H2AT120ph-shugoshin-CPC pathway constitutes a second feedback loop regulating centromeric CPC ( Figure 3A ) [30] . The combination of these feedback loops would ensure robust CPC localization and function at centromeres.
We note that inhibition of Aurora B does not eliminate H3T3ph or completely delocalize centromeric CPC. There are likely to be additional factors that regulate Haspin to control its activity at centromeres (see Figure 3A) . For example, Haspin localization may depend on cohesin complexes, and the Bub1-shugoshin pathway might have an additional influence on H3T3ph distribution through its effects on cohesion [5] . Also, residual phosphorylation of Haspin remains in Aurora B-inhibited mitotic cells. It will be interesting to test whether these Aurora B-independent phosphorylation sites regulate Haspin activity at centromeres, and whether they modulate interactions of Haspin with cohesion proteins at centromeres [5] .
Conclusions
We show that Aurora B phosphorylates Haspin to enhance H3T3ph and to regulate its own localization on chromatin. This mechanism resembles the ability of cyclin B1-Cdk1 to prime its own import into the nucleus during mitotic entry [31] and the self-regulated recruitment of Plk1 to its phosphorylated substrates [32] . In addition, ''reading'' of H3T3ph by Survivin, leading to Aurora B recruitment, phosphorylation of Haspin, and increased ''writing'' of H3T3ph, may share similarities with the spreading of the heterochromatin protein HP1 driven by recognition of H3K9me3 and the subsequent recruitment of histone H3K9 methyltransferases that associate with H3K9me3 and/or HP1 [33] . Indeed, it is possible that CPC deposition at centromeres (perhaps by the centromerespecific Bub1-shugoshin pathway) triggers the HaspinH3T3ph-CPC feedback loop, which then spreads H3T3ph across the inner centromere, yielding the well-known CPC localization pattern in this region. The recruitment of enzyme complexes to chromatin by the modification that they generate (either directly or indirectly) appears to be a common theme in chromatin biology. Such ''self-priming'' loops may be a widespread mechanism regulating the localization of key kinases and chromatin-modifying enzymes during mitosis.
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